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[ Name of the Document ] Specification 

[ Title of the invention ] Ignition Coil for Internal 

Combustion Engine 

[ Claims ] 

1. An independent ignition type ignition coil for 
an internal combustion engine which is used after 
being inserted into a plug hole in the internal 
combustion engine and being directly coupled to a 
corresponding ignition plug and of which portion being 
inserted into the plug hole has an outer diameter of 
18mm~27mm, and which includes a center core, a 
secondary coil wound around a secondary coil bobbin 
and a primary coil wound around a primary coil bobbin 
arranged concentrically in a coil casing in this order 
from the inside of the coil casing and an insulation 
use resin filled between the constituting members in 
the coil casing, characterized in that between the 
primary coil bobbin and the primary coil and/or 
between layers of the primary coil a gap portion which 
reduces a stress component caused inside the secondary 
coil bobbin due to thermal contraction difference of 
the primary coil and the secondary coil bobbin among 
thermal stress caused inside the secondary coil bobbin 
is coexisted with the insulation use resin. 

2. An independent ignition type ignition coil for 
an internal combustion engine which is used after 
being inserted into a plug hole in the internal 



combustion engine and being directly coupled to a 
corresponding ignition plug and of which portion being 
inserted into the plug hole has an outer diameter of 
18mm~27mm, and which includes a center core, a 
secondary coil wound around a secondary coil bobbin 
and a primary coil wound around a primary coil bobbin 
arranged concentrically in a coil casing in this order 
from the inside of the coil casing and an insulation 
use resin filled between the constituting members in 
the coil casing, characterized in that the secondary 
coil bobbin is constituted by a denaturated PPE 
containing an inorganic filler material in an amount 
of not less than 2 0 weight % and between the primary 
coil bobbin and the primary coil and/or between layers 
of the primary coil a gap portion which reduces a 
stress component caused inside the secondary coil 
bobbin due to thermal contraction difference of the 
primary coil and the secondary coil bobbin among 
thermal stress caused inside the secondary coil bobbin 
is coexisted with the insulation use resin. 

3. An independent ignition type ignition coil for 
an internal combustion engine which is used after 
being directly coupled to a corresponding ignition 
plug, and which includes a center core, a secondary 
coil wound around a secondary coil bobbin and a 
primary coil wound around a primary coil bobbin 
arranged concentrically in a coil casing in this order 



from the inside of the coil casing and an insulation 
use resin filled between the constituting members in 
the coil casing, characterized in that between the 
primary coil bobbin and the primary coil and/or 
between layers of the primary coil a gap portion which 
reduces a stress component cause inside the secondary 
coil bobbin due to thermal contraction difference of 
the primary coil and the secondary coil bobbin among 
thermal stress caused inside the secondary coil bobbin 
is coexisted with the insulation use resin. 

4. An independent ignition type ignition coil for 
an internal combustion engine which is used after 
being directly coupled to a corresponding ignition 
plug, and which includes a center core, a secondary 
5 coil wound around a secondary coil bobbin and a 
primary coil wound around a primary coil bobbin 
arranged concentrically in a coil casing in this order 
from the inside of the coil casing and an insulation 
use resin filled between the constituting members in 
0 the coil casing, characterized in that at least one 
between the primary coil bobbin and the insulation use 
resin filled between the primary coil bobbin and the 
primary coil, between the insulation use resin filled 
between the primary coil bobbin and the primary coil 
5 and the primary coil and between the primary coil and 
the insulation use resin filled between layers of the 
primary coil a peeling off portion is formed. 



5. An ignition coil for an internal combustion 
engine according to one of claims 1 through 4, the 
secondary coil bobbin is constituted by 45 weight %-60 
weight % of denaturated PPE, 15 weight %~25 weight % 
of glass fiber and 15 weight %~ 35 weight % of 
inorganic filler material in a non-fiber shape. 

6. An ignition coil for an internal combustion 
engine according to one of claims 1 through 5, wherein 
a bobbin axial direction of the secondary coil bobbin 
corresponds to a resin flowing direction during 
molding of the resin, and an average linear expansion 
coefficient of the secondary coil bobbin in orthogonal 
direction with respect to the resin flowing direction 
is 35-75xlO-6mm/°C at temperatures -30°C~-10°C 
according to a testing method conforming to ASTM D696. 

7. An independent ignition type ignition coil for 
an internal combustion engine which is used after 
being directly coupled to a corresponding ignition 
plug, and which includes a center core, a secondary 
coil wound around a secondary coil bobbin and a 
primary coil wound around a primary coil bobbin 
arranged concentrically in a coil casing in this order 
from the inside of the coil casing and an insulation 
use resin filled between the constituting members in 
the coil casing, characterized in that on the primary 
coil a cover film or a cover coating is applied which 
facilitates peeling off of the insulation use resin 



\ 



filled around the primary coil from the primary coil. 

8. An independent ignition type ignition coil for 
an internal combustion engine which is used after 
being directly coupled to a corresponding ignition 

5 plug, and which includes a center core, a secondary 
coil wound around a secondary coil bobbin and a 
primary coil wound around a primary coil bobbin 
arranged concentrically in a coil casing in this order 
from the inside of the coil casing and an insulation 

10 use resin filled between the constituting members in 
the coil casing, characterized in that on a side of 
bobbin surfaces of the primary coil bobbin on which 
the primary coil is wound a cover film or a cover 
coating which facilitates peeling off of the 

15 insulation use resin around the bobbin surface from 

the bobbin surface. 

9. An ignition coil for an internal combustion 
engine according to claim 7 or 8, wherein a material 
of the cover film or the cover coating is an 

2 0 insulation material containing one of nylon, 
polyethylene and teflon. 

10. An ignition coil for an internal combustion 
engine according to one of claims 1 through 9, wherein 
the primary coil bobbin is constituted by a 

2 5 polybutylene terephthalate containing a rubber. 

11. An ignition coil for an internal combustion 
engine according to one of claims 1 through 10, 
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wherein the center core is coated with an insulation 
material having an elasticity before being disposed 
inside the secondary coil bobbin, and after the coated 
center core is disposed in the secondary coil bobbin a 
hard epoxy resin is filled between the center core and 
the secondary coil bobbin. 

[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Technical Field of the Invention ] 
The present invention relates to an independent 
ignition type ignition coil for an internal combustion 
engine which is mounted for each of respective 
ignition plugs for the internal combustion engine and 
is directly coupled each of the respective ignition 

plugs. 

[ 0002 ] 

[ Conventional Art ] 

These days an independent ignition type ignition 
coil device for an internal engine has been developed 
which is used after being mounted in each of plug 
holes in the engine and being directly coupled to each 
of the respective ignition plugs. The ignition coil 
device of this sort unnecessitates a distributor, as a 
result, the decreasing of supply energy to an ignition 
coil through the distributor, high voltage codes 
therefor and the like is eliminated, moreover, since 
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the ignition coil can be designed without taking into 
account of the ignition energy decreasing, it is 
evaluated that the voltage for the ignition coil can 
be reduced and the size reduction of the ignition coil 
5 is achieved as well as because of the elimination of 
the distributor the spacing for mounting a variety of 
parts in an engine room is rationalized. 
[ 0003 ] 

The ignition coil of such independent ignition 
10 type is called as an in-plug mounting type, since at 
least a part of the coil portion is introduced into a 
plug hole and is mounted or fitted there, further, the 
coil portion is commonly called as a pencil coil, 
since the coil portion is shaped into a long and 
15 slender pencil so as to permit insertion the same into 
the plug hole, and inside a long and slender 
cylindrical casing a center core (which is an iron 
core made magnetic flux passage and is formed by 
laminating many silicon steel sheets), a primary coil 
20 and secondary coil are disposed. Through conduction 
and interruption control of a current flowing through 
the primary coil a high voltage necessary for ignition 
is generated in the secondary coil, therefore, these 
coils are usually wound around respective bobbins and 
2 5 are disposed concentrically around the center core. 
The insulation property for the coils is guaranteed 
such as by filling (hardening after filling) an 



insulation use resin and by sealing an insulation oil 
into the coil casing accommodating the primary and 
secondary coils. For example, jp-A-8-255719 , JP-A-9- 
7860, JP-A-9-17662, JP-A-8-93616 , JP-A-8-97057 , JP-A- 
5 8-144916 and JP-A-8-203757 disclose prior art of the 
present invention. 
[ 0004 ] 

There are two types of pencil coils, in one the 
primary coil is disposed inside and the secondary coil 

10 is disposed outside, and in the other the secondary 
coil is disposed inside and the primary coil is 
disposed outside. Among these two, the entire wire 
length of the secondary coil in the latter type (inner 
secondary coil structure) is short in comparison with 

15 that in the former type (outer secondary coil type) 
and the electrostatic stray capacity at the secondary 
side thereof is also small, therefore, the inner 
secondary coil structure is understood advantageous 
with regard to its output characteristic. 

20 [ 0005 ] 

Namely, the secondary output voltage and its 
building up characteristic are affected by the 
electrostatic stray capacity and when the 
electrostatic stray capacity increases, the output 

2 5 voltage reduces and the building up thereof is caused 
to delay. Accordingly, it is considered that the 
inner secondary coil structure which has a small 



electrostatic stray capacity is suitable for reducing 
the size thereof and for raising the output voltage. 
[ 0006 ] 

[ Tasks intended to Be Solved by the Invention ] 
Among these sorts of the ignition coil devices of 
the independent ignition type, a type which uses the 
insulation use resin (for example, epoxy resin) filled 
between the constituting members (between such as a 
center core, bobbins and coils and between such as 
layers of the coils) in the coil casing eliminates a 
measure for sealing which is necessitated such as in 
the insulation oil sealing type, further, the 
constituting members thereof such as the center core, 
the bobbins and the coils are by themselves secured 
5 only by burying the same into the insulation use 
resin, therefore the measure for securing the 
constituting members is simplified in comparison with 
the insulation oil sealing type and thus it is 
evaluated that a simplification of the total device 
0 and handling easiness thereof are achieved. 
[ 0007 ] 

Since as the insulation use resin between the 
constituting members of the ignition coil device an 
epoxy resin is injected and hardened (filled), and 
5 since the hardening temperature of such epoxy resin is 
usually more than 100°C, under a low temperature less 
than the hardening temperature such as the insulation 



use resin the bobbin material are subjected to a 
thermal stress based on linear expansion coefficient 
differences between the constituting members (in that 
linear thermal expansion differences between such as 
5 the bobbins, coils, center core and the insulation use 
resin), therefore, it is necessary to take some 
measures for preventing possible crackings and 
interface peeling-offs between the members due to the 
thermal stress. 

10 [ 0008 ] 

For example, in case of the inner secondary coil 

structure type; 

(1) First of all, it is an important point how to 
reduce a thermal stress between the center core and 
15 the secondary coil bobbin of which linear expansion 
coefficient difference is large. For this purpose the 
following measures, for example, are taken, in that as 
the insulation use resin to be filled between the 
center core and the secondary coil bobbin such as a 
20 soft epoxy resin having a soft property at least above 
a normal temperature (a flexible epoxy resin; 
elastomer) is used in place of a hard epoxy resin so 
as to absorb a thermal impact, and in that after 
inserting a center core covered in advance by an 
25 insulation member having an elasticity into the 
secondary coil bobbin, the entire structure is sealed 
by a hard epoxy resin to ensure insulation property 



thereof. 

[ 0009 ] 

(2) A primary factor of causing cracks in the 
bobbin material is understood to be an internal stress 
(thermal stress) of the bobbins due to Irnear 
expansion coefficient differences between the center 
core, the primary coil, the secondary coil and the 
bobbins (resin), in particular in case of the inner 
secondary coil structure type, it was clarified by the 
present inventors through a heat cycle testing (a heat 
cycle test of 130°C- -40«C ) that the cracking (of 
which cracking is so called longitudinal cracking 
developing into the axial direction of the bobbrn) rs 
most likely caused in the secondary coil bobbin among 
both bobbin materials (the heat cycle test of 130°C- 
-40°C assumes a severe engine use environment 
condition in cold districts). 
[ 0010 ] 

This crack generation mechanism in the secondary 
coil bobbin is caused, because the linear expansion 
coefficient of the bobbin material is large in 
comparison with those of the center core and the coil 
material. Namely, when the ignition coils are 
subjected to thermal contraction due to temperature 
i drop after stopping of the engine operation, a thermal 
contraction of the secondary coil bobbin, in 
particular the degree of the thermal contraction rn 



its circumferential direction is much larger than 
those of the center core and the coil materials (the 
primary coil and the secondary coil). Accordingly, 
when the secondary coil bobbin tends to undergo a 
thermal contraction, at the inside thereof the center 
core is subjected to the thermal contraction force 
(when the resin interposed between the secondary coil 
bobbin and the center core is an elastomer such as a 
soft epoxy resin, the center core is subjected to the 
thermal contraction force of the secondary coil bobbin 
at a temperature less than the glass transition 
temperature thereof), as a result, the secondary coil 
bobbin is applied relatively of a force from the side 
of the center core in relation to the center core and 
is subjected to an expansion force in the 
circumferential direction. Further, when the 

secondary coil bobbin tends to undergo a thermal 
contraction, the primary coil and the secondary coil 
of which linear expansion coefficients are smaller 
than that of the secondary coil bobbin act so as to 
suppress the thermal contraction of the secondary coil 
bobbin via the insulation use resin (in other words, a 
tension force in the circumferential direction is 
provided to the secondary coil bobbin). Due to these 
multiple actions a large internal stress (thermal 
stress) a is generated in the secondary coil bobbin 
and causes longitudinal direction crackings in the 



secondary coil bobbin. 
[ 0011 ] 

Such longitudinal direction cracking in the 
secondary coil bobbin causes an electric field 
concentration between the center core and the 
secondary coil and finally leads to an insulation 

breakdown . 

[ 0012 ] 

An object of the present invention is to improve 
an independent ignition type ignition coil which is 
runted in a plug hole and is subjected to a severe 
temperature environment, in that to prevent the above 
mentioned crackings in the secondary coil bobbin, to 
hold a soundness of an electric insulation performance 
thereof, and to achieve a high quality and high 
reliability of the concerned type ignition corl 

device . 

[ 0013 ] 

[ Measures for Solving the Tasks ] 
The present invention primarily proposes the 
following task resolving measures for achieving the 

above object. 
[ 0014 ] 

(1) Namely, an independent ignition type ignition 
> coil for an internal combustion engine according to a 
first aspect of the present invention which is used 
after being inserted into a plug hole in the internal 



combustion engine and being directly coupled to a 
corresponding ignition plug, and which includes a 
center core, a secondary coil wound around a secondary 
coil bobbin and a primary coil wound around a primary 
coil bobbin arranged concentrically in a coil casing 
in this order from the inside of the coil casing and 
an insulation use resin filled between the 
constituting members in the coil casing, is 
characterized in that between the primary coil bobbin 
and the primary coil and/or between layers of the 
primary coil a gap portion which reduces a stress 
component caused inside the secondary coil bobbin due 
to thermal contraction difference of the primary coil 
and the secondary coil bobbin among thermal stress 
caused inside the secondary coil bobbin is coexisted 
with the insulation use resin. 
[ 0015 ] 

The gap is obtained by forming a peeling off 
portion at least one, between the primary coil bobbin 
and the insulation use resin (for example, an epoxy 
resin) filled between the primary coil bobbin and the 
primary coil, between the insulation use resin filled 
between the primary coil bobbin and the primary coil 
and the primary coil and between the primary coil and 
, the insulation use resin filled between the layers of 
the primary coil. 
[ 0016 ] 



More specifically, the present invention proposes 
such as to apply on the primary coil a cover film or a 
cover coating which facilitates peeling off of the 
primary coil from the insulation use resin filled 
around the primary coil, to apply on a side of bobbin 
surfaces (the outside surface of the bobbin) of the 
primary coil bobbin on which the primary coil is wound 
a cover film or a cover coating which facilitates 
peeling off of the insulation use resin contacting the 
bobbin surface from the bobbin surface, and in place 
of these cover film and cover coating to adhere an 
insulation sheet having a weak adhesiveness to an 
epoxy resin on the primary coil. As a material for 
the cover film or the cover coating material having a 
slipping property, such as nylon, polyethylene and 
teflon and an overcoating containing in an insulation 
material a material having a small adhesiveness to an 
epoxy resin are exemplified. 
[ 0017 ] 

When temperature lowers after hardening the epoxy 
resin a tension force acts at the interfaces between 
the epoxy resin and the primary coil or the primary 
coil bobbin due to the linear expansion coefficient 
difference between the epoxy resin and the primary 
coil material copper, and a peeling off will be caused 
at a portion having a weak adhesiveness with the epoxy 



resin. 
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[ 0018 ] 

The principle of the present invention is as 
follows, in that when the ignition coil tends to 
undergo a thermal contraction due to temperature drop 
after stopping of the engine operation, the secondary 
coil bobbin is subjected relatively to an expansion 
force in the circumferential direction from the side 
of the center core due to the thermal contraction 
difference (the linear expansion coefficient 
difference), further, the secondary coil bobbin is 
subjected relatively to a tension force in the 
circumferential direction from the side of the primary 
coil and the secondary coil via the insulation use 
resin and with these multiple actions a large internal 
stress a is generated in the secondary coil bobbin. 
However, according to the present invention, a gap 
(for example, the above peeling off portion) is 
interposed between the primary coil bobbin and the 
primary coil and/or between the layers of the primary 
coil, thereby, a transmission passage of the tension 
force in the circumferential direction acting from the 
primary coil to the secondary coil bobbin can be 
interrupted. 

[ 0019 ] 

Accordingly, among the stress ol caused in the 
secondary coil bobbin a stress component ol caused in 
the secondary coil bobbin due to the thermal 



contraction difference between the primary coil and 
the secondary coil bobbin is reduced, thereby, the 
total internal stress a can be greatly reduced ( 
relaxed). According to CAE (Computer Aided 

Engineering) analysis examples performed by the 
present inventors, through the reduction of the above 
mentioned stress component a 1 it is determined that at 
least 20% of the total internal stress can be reduced. 
Further, such reduction value in the internal stress 

) was confirmed by making use of an ignition coil which 
is used after being inserted into a plug hole in an 
internal combustion engine and being directly coupled 
to a corresponding ignition plug and of which portion 
being inserted into the plug hole has an outer 

5 diameter of 18mm- 27mm (in a long and slender 
cylindrical type ignition coil of this sized, usually 
the thickness of the primary coil bobbin is 0.5mm- 
1.2mm, the thickness of the secondary coil bobbin is 
0.7mm~ 1.6mm and the length of the bobbins is 50mm- 

0 150mm). 

[ 0020 ] 

Further, it was confirmed through experimental 
results that even if the above mentioned gap (for 
example the peeling off portion) is provided between 
15 the primary coil bobbin and the primary coil and/or 
between the layers of the primary coil, no electric 
field concentration between the primary coil is caused 



because of a low potential (substantially at the 
ground potential) of the primary coil, in addition if 
the secondary coil, the insulation use resin and the 
primary coil bobbin are closely bonded without gaps, 

5 the insulation between the primary coil and the 
secondary coil can be sufficiently ensured, moreover, 
a possible electric field concentration due to the 
line voltage of the secondary coil can be sufficiently 
prevented, thereby a possible generation of insulation 
10 breakdown can be prevented. (2) Further, in addition 
to the above explained first aspect of the present 
invention, for example, when a denaturated PPE ( 
denaturated polypheny lene-ether ) is used for the 
secondary coil bobbin, and if in view of material 

15 property improvement of the secondary coil bobbin, 
more than 2 0 weight % of inorganic filler material is 
included in the secondary coil bobbin, the internal 
stress a therein can be further reduced. 
[ 0021 ] 

2 0 Although the denaturated PPE is excellent in its 

adhesiveness with the epoxy resin serving as the 
insulation use resin, and further the moldability and 
insulation property thereof are desirable which 
contribute to stabilize the quality of the secondary 

2 5 coil bobbin, however, if it contains an inorganic 
filler material of less than 2 0 weight %, the linear 
expansion coefficient difference with other 



constituting members (such as the center core, the 
primary coil and the secondary coil) enlarges and the 
internal stress (thermal stress) o increases. For 
example, according to CAE analysis examples performed, 
5 when there is no decreases in the above mentioned a, 
and when the temperature of the ignition coil is 
suddenly reduced under a temperature environment of 
130°C--40°C, the internal stress a generated in the 
secondary coil bobbin showed a large value of about 

10 90MPa~ lOOMPa. Contrary thereto, according to the 
present invention the internal stress a can be reduced 
below 7 0MPa, thereby, the longitudinal direction 
cracking in the secondary coil bobbin can be 
prevented. Further, as an optimum example which can 

15 reduce the internal stress a while maintaining the 
moldability (resin f lowability ) , the present invention 
proposes a material constituted by 45 weight % -60 
weight % of denaturated PPE, 15 weight % -25 weight % 
of glass fiber and 15 weight % -35 weight % of 

2 0 inorganic filler material in a non-fiber shape, the 
details of which will be explained in the description 
of the embodiments below. 
[ 0022 ] 

Further, in view of the fact that it is 
25 preferable to vary linear expansion coefficient of a 
bobbin concerned for reducing the internal stress a in 



the bobbin, when the resin flowing direction for the 
resin molding is the bobbin axial direction, a 
desirable result was obtained when the linear 
expansion coefficient in orthogonal direction, (which 
corresponds to the radial direction and the 
circumferential direction of the bobbin, and an 
important point for preventing the longitudinal 
direction cracking of the bobbin is in particular, to 
suppress the internal stress in the circumferential 
direction) with respect to the resin flowing direction 
is 35~75xlO-6mm/°C in average at a temperature range 
-30°C~-10°C based on a testing method conformed to 
ASTM D696 in the above referred to limited containing 
range of the inorganic filler material, of which 
details will also be explained in the description of 
the embodiments below. 
[ 0023 ] 

[Embodiments of the Invention] 

Embodiments of the present invention will be 
explained with reference to the drawings. 
[ 0024 ] 

Fig. 1 is a vertical cross sectional view of an 
ignition coil for an internal combustion engine 
representing one embodiment of the present invention, 
Fig. 2 is a view showing by enlarging portion B in 
Fig. 1 and by turning the same in lateral direction, 
and Fig. 3 is a lateral cross sectional view taken 
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a 
is 



along a line A- A" in Fig. 1. 
[ 0025 ] 

inside a long and slender cylindrical casing 
(outer sheath casing) 6 a center core 1, a secondary 
5 coil wound around a secondary coil bobbin 2 and a 
primary coil 5 wound around a primary coil bobbin 4 
are arranged concentrically from the center (inside) 
thereof toward the outside. At the outside of the 
outer sheath casing 6 a side core 7 which forms 
10 magnetic flux passage with the center core 1 
mounted. 

[ 0026 ] 

The center core 1 is formed by pressedly 
laminating many number of silicon steel sheets or 

15 directional silicon steel sheets having a few types of 
different width as for example illustrated in Fig. 3 
for increasing the cross sectional area thereof. At 
both ends of the center core 1 in its axial direction 
magnets 9 and 10 are disposed adjacent to the center 

2 0 core 1. These magnets 9 and 10 generate magnetic 
fluxes in the direction opposite to coil induced 
magnetic fluxes passing through the center core 1, 
thereby, the core of the ignition coil can be operated 
below the saturation point in the magnetizing curve of 

2 5 the core. The magnet can be disposed only at one end 
of the center core 1. Reference numeral 24 is an 
elastic body (for example, a rubber) which absorbs a 



thermal expansion of the center core 1 in its axial 

direction. 

[ 0027 ] 

Between the center core 1 which is inserted 
within the secondary coil bobbin 2 and the secondary 
coil bobbin 2 as illustrated in Fig. 2 , a so called 
soft epoxy resin (a flexible epoxy) 17 is filled and 
in gaps between the respective constituting members of 
the secondary coil bobbin 2, the secondary coil 3, the 
primary coil bobbin 4, the primary coil 5 and the coil 
casing 6 a hard epoxy resin (a thermosetting epoxy 
resin) 8 is filled. 
[ 0028 ] 

The soft epoxy resin 17, of which glass 
5 transition temperature is below a normal temperature 
( 20°C), is an epoxy resin having an elastic and soft 
property (elastomer) above the glass transition 
temperature and is, for example, a mixture of an epoxy 
resin and a denaturated aliphatic polyamide. 

0 [ 0029 ] 

The reason why the soft epoxy resin 17 is used 
for the insulation use resin between the center core 1 
and the secondary coil bobbin 2 is that since the so- 
called pencil type coil (an in-plug hole mounted 

2 5 independent ignition type ignition coil) is subjected 
to a severe temperature environment (a thermal stress 
of about -40°C - 130°C) as well as the difference 
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between the linear expansion coefficient (13xl(r 6 mm/ 
°C) of the center core 1 and the linear expansion 
coefficient (40xlO-6mm/°C) of the hard epoxy resin is 
large, if a usual insulation use epoxy resin (an epoxy 
5 resin composition harder than the soft epoxy resin 17) 
is used, it is feared that a cracking will occur in 
the epoxy resin due to heat shock (thermal impact) and 
an insulation breakdown will be caused. Namely, so as 
to counter-measure such heat shock the soft epoxy 
10 resin 17 is used which is an elastic body excellent 
for absorbing a thermal impact and has an insulation 
property. 

[ 0030 ] 

Now, the secondary coil bobbin 2 will be 
15 explained. The secondary coil bobbin 2 according to 
the present embodiment is provided based on the 
following knowledges. 
[ 0031 ] 

(1) The secondary coil bobbin is required to 
20 satisfy the condition; [an allowable stress oO of the 
secondary coil bobbin 2 > an induced stress o at 
temperature (-40°C minus glass transition temperature 
Tg of the soft epoxy resin 17)]. Herein, as an 
example, a glass transition temperature Tg=-25°C of 
2 5 the soft epoxy resin 17 is exemplified. 
[ 0032 ] 

For example, when the glass transition 
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temperature of the soft epoxy resin 17 is Tg=-25'C and 
when the secondary coil bobbin 2 is placed under an 
environment in which temperature varies in a range of 
130 <»c ~ -40°C and contracts because of a temperature 
5 drop after stopping of the operation of the concerned 
internal combustion engine, the contraction of the 
secondary coil bobbin 2 can be accepted in a 
temperature range of 130°C - -25°C through the elastic 
absorption by the soft epoxy resin 17, therefore, 
10 among the thermal stress o caused in the secondary 
coil bobbin 2 a thermal stress component a 3 acted from 
the side of the center core 1 is substantially null 
stress. However, when observing as a whole, if the 
secondary coil bobbin 2 tends to undergo a thermal 
15 contraction, the primary coil 5 and the secondary coil 
3 of which linear expansion coefficients (thermal 
expansion coefficients) are smaller than that of the 
secondary coil bobbin 2 act to suppress the thermal 
contraction of the secondary coil bobbin 2 via the 
20 hard epoxy resin 8. In other words, the primary coil 
5 and the secondary coil 3 provide relatively a 
tension force to the secondary coil bobbin 2 in the 
circumferential direction. Thereby, the sum of a 
thermal stress component ol acted from the primary 
25 coil 5 and a thermal stress component o2 acted from 
the secondary coil 3 constitutes main components in 
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the internal stress a in the secondary coil bobbin 2. 
[ 0033 ] 

In a temperature range of -25°C ~ -40°C, the soft 
epoxy resin 17 moves into a glass state, thereby, the 
5 contraction (deformation) from the side of the center 
core 1 of the secondary coil bobbin 2 is also 
prevented, thus at the inside of the secondary coil 
bobbin 2 in addition to the above mentioned thermal 
stresses ol and o2 provided from the primary coil and 
10 the secondary coil, the thermal stress a 3 provided by 
a force from the side of the center core is added, and 
the summed stress of these components ol, o2 and o3 
constitutes the main components for the internal 
stress o in the secondary coil bobbin 2. 

15 [ 0034 ] 

The thermal stress caused in the secondary coil 
bobbin 2 can be expressed as a=E«e=E«a«T. Wherein E 
is a Young's modulus of the secondary coil bobbin 2, e 
is a stress therein, a is a linear expansion 

2 0 coefficient thereof and T is a temperature variation 
(temperature difference). When the allowable stress 
oO for the secondary coil bobbin 2 is larger than the 
generated stress o(o<o0), the secondary coil bobbin 2 

is never broken. 
25 [ 0035 ] 
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(2) It is required to select a material which 
shows a good adhesiveness with the epoxy resin 8 for 
the secondary coil bobbin 2. When the adhesiveness of 
the selected material with the epoxy resin 8 is poor, 
it is feared that a peeling off between the secondary 
coil bobbin 2 and the epoxy resin 8 may be caused 
which will lead an insulation breakdown. 

[ 0036 ] 

Now, a mechanism of such insulation breakdown, 
when a peeling off (including a cracking in the 
insulation use resin) between the insulation use resin 
and the bobbin material is caused, is explained with 
reference to Fig. 8. 
[ 0037 ] 

Fig. 8 shows a partly enlarged pencil coil having 
an inner secondary coil structure, in that partly 
enlarged cross sectional view showing a plurality of 
flanges (flanges for defining respective spool areas) 
2B formed on the outer surface of the secondary coil 
bobbin 2 along the axial direction thereof with a 
predetermined interval so as to wind the secondary 
coil 3 in a divided manner. 
[ 0038 ] 

Among the epoxy resins 8, the epoxy resin 8 which 
is filled between the secondary coil bobbin 2 and the 
primary coil bobbin 4 reaches to the outer surface of 
the secondary coil bobbin 2 through resin injection 



(vacuum injection) while penetrating between wires of 
the secondary coil 3 other than between the secondary . 
coil 3 and the primary coil bobbin 4. Further, as has 
been already explained, between the center core 1 and 
the secondary coil bobbin 2 the soft epoxy resin 17 is 

filled. 

[ 0039 ] 

in this instance, if an adherence strength (a 
bonding strength) between the insulation use resin, 
the secondary coil bobbin and the primary coil bobbin 
is poor, peelings-off are caused between the secondary 
coil bobbin 2 and the insulation use resin 8 
penetrating between the secondary coil bobbin 2 and 
the secondary coil 3 as illustrated by reference 
character (a) and between the secondary coil bobbin 
flange 2B and the insulation use resin 8 as 
illustrated by reference character (b) . Further, 
areas between the insulation use resin 8 and the 
primary coil bobbin 4 as illustrated by reference 
character (c) and between the insulation use resin 17 
and the secondary coil bobbin 2 as illustrated by 
reference character (d) are also considered as 
possible areas where a peeling off can occur. 
[ 0040 ] 

If a peeling off is caused at a position 
indicated by reference character (a), an electric 
field concentration is induced by the line voltage of 



30 



the secondary coil 3 through the peeled off portion (a 
gap), which causes a partial discharge between the 
wires of the secondary coil 3 thereby to heat the 
same, and an enamel coating for the wire material of 
the secondary coil is burned off to cause a layer 
shorting. Further, if a peeling off is caused at a 
portion indicated by reference character (b), an 
electric field concentration between the wires between 
dividedly wound adjacent areas of the secondary coil 3 
is caused and through a possibly induced partial 
discharge like the above a layer shorting is caused. 
If a peeling off is caused at the position indicated 
by reference character (c), an insulation breakdown 
will be caused between the secondary coil 3 and the 
primary coil 5, and if a peeling off is caused at the 
position indicated by reference character (d) , an 
insulation breakdown will be caused between the 
secondary coil 3 and the center core 1. 
[ 0041 ] 

In the present embodiment, in order to satisfy 
the above condition (2), a denaturated PPE which shows 
an excellent adhesiveness with an epoxy resin is used 
as the material for the secondary coil bobbin 2. In 
order to ensure the strength thereof, this material 
contains an inorganic material (such as glass filler 
and mica), further, in the present embodiment, in 
order to satisfy the above condition (1), namely, in 
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order to lower the linear expansion coefficient a as 
much as possible, further in order to reduce the 
thermal stress (internal stress) o and resultantly in 
order to realize the above mentioned relationship, the 
5 allowable stress oO > o, not less than 2 0 weight % of 
an inorganic material, preferably not less than 30 
weight % thereof is mixed in the material mentioned 
above. Further, in order to ensure an injection 
moldability of the secondary coil bobbin 2 , it is 
10 necessary to improve the flowability of the resin in 
its solution state, therefore, other than a fibrous 
material such as glass filler, mica representing non- 
fibrous inorganic material is mixed into the inorganic 
material . 
15 [ 0042 ] 

Fig. 10 shows a perspective cross sectional view 
taken by cutting in half of a part of the secondary 
coil bobbin 2 according to the present embodiment, and 
the resin flow direction during molding of the 
2 0 secondary coil bobbin 2 of the present embodiment is 
in the axial direction of the bobbin, in that the 
radial direction and the circumferential direction of 
the bobbin is the orthogonal direction with respect to 
the resin flowing direction for the secondary coil 
2 5 bobbin 2. Fig. 11 is a view prepared by schematically 
enlarging portion P in Fig. 10, wherein the glass 
fibers serving as the filler is directed in the resin 
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flowing direction, accordingly, the linear expansion 
coefficient of the secondary coil bobbin is 
sufficiently small in comparison with those in the 
radial direction and the circumferential direction 
which are orthogonal to the axial direction. When it 
is required to reduce the linear expansion 
coefficients in the radial direction and the 
circumferential direction without damaging the 
flowability of the resin, it is necessary to reduce 
the linear expansion coefficients in the radial 
direction and the circumferential direction as much as 
possible by mixing a non-fibrous filler material (for 
example, mica and talc) in addition to the glass 
fibers. It is necessary to reduce the linear 
expansion coefficient of the bobbin in the 
circumferential direction (orthogonal direction with 
respect to the resin flowing direction) as much as 
possible in order to endure the internal stress 
(thermal stress) a caused in the secondary coil bobbin 

2 . 

[ 0043 ] 

Fig. 13 shows a relationship between amount of 
mica contained and linear expansion coefficient in 
orthogonal direction with respect to resin flowing 
direction (an average linear expansion coefficient in 
a temperature range of -30°C - -10'C determined 
according to a test method conformed to ASTM D696), 



when the secondary coil bobbin 2 is formed of a 
denaturated PPE (of 2 0 weight % glass fiber base). In 
the drawing E-06 represents 10-6. m this instance, 
when an amount of the inorganic filler is 2 0 weight % 
(20 weight % of glass fiber and 0 weight % of mica) in 
total, a linear expansion coefficient of above 
70xlO- 6 mm/°C (in the test example, 66.8 x lO-'mm /°C) can 
be obtained, further, with 20 weight % of glass fiber 
and 20 weight % of mica a linear expansion coefficient 
of about 50xl0- 6 mm/ o C (in the test example, 49.3xl0" 6 nun 
/°C) is obtained and with 20 weight % of glass fiber 
and 30 weight % of mica a linear expansion coefficient 
of about 40xlO- 6 mm/°C (in the test example, 39.6xl0- 6 mm 
/-C) is obtained. For example, when it is required to 
suppress the linear expansion coefficient at about 
40~50xl0- 6 mm/°C and in case that the amount of the 
glass fiber is 20 weight %, the amount of mica is 
determined in a range of 20- 30 weight %, further, 
when the amount of glass fiber is about 15- 25 weight 
% and the linear expansion coefficient is required to 
be suppressed at about 40-50x l0- 6 mm/°C, the amount of 
mica of about 15- 35 weight % is required. More 
specifically, the amount ranges of the respective 
constituting elements are 45- 60 weight % of 
denaturated PPE, 15- 2 5 weight % of glass fiber and 15 
- 35 weight % of mica. An optimum composition example 
for the secondary coil bobbin 2 according to the 
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present embodiment is 55 weight % of denaturated PPE, 
20 weight % of glass fiber and 30 weight % of mica. 
As will be observed from Fig. 13, the linear expansion 
coefficient in the orthogonal direction is 
5 approximately inverse proportional to the mica 

content . 

[ 0044 ] 

Further, a denaturated PPE containing 50 weight % 
of inorganic material shows a linear expansion 
10 coefficient of 20 - 30 x lO^nrni /°C in the resin flowing 
direction during molding thereof in a temperature 
range of -30°C- 100°C. 
[ 0045 ] 



Now, it is of course advantageous to use 



a 



15 thicker bobbin in order to ensure the strength of the 
secondary coil bobbin 2, however, a pencil coil is 
generally required to be inserted into a slender plug 
hole having a diameter of 18mm~ 27mm, therefore, the 
outer diameter of the coil portion to be inserted 

20 including the side core has to be sized about 18mm~ 
27mm. In such narrow space the constituting elements 
such as the coil casing 6, the primary coil 5, the 
primary coil bobbin 4, the secondary coil 3, the 
secondary coil bobbin 2 and the center core 1 have to 

25 be disposed and the epoxy resin 8 has to be filled in 
gaps between the constituting elements and in the 
constituting elements themselves so as to eliminate 



defects such as voids. Accordingly, it is desirable 
to reduce the thickness of the respective portions as 
much as possible. 
[ 0046 ] 

in the present embodiment, the thickness of the 
primary coil bobbin is selected to be 0.5mm- 1.2mm, 
the thickness of the secondary coil bobbin is selected 
to be 0.7mm~ 1.6mm and the length of the bobbins is 
selected to be 50mm- 150mm. 

[ 0047 ] 

The linear expansion coefficient of the secondary 
coil 3 which is wound around the secondary coil bobbin 
2 is about 20x lO^mm /°C at a temperature of -40°C 
under a condition that the epoxy resin 8 is 
impregnated between the wires thereof, and the linear 
expansion coefficient of the primary coil 4 which is 
wound around the primary coil bobbin 4 is about 
22xl0- 6 mm/°C at a temperature of -40°C under a 
condition that the epoxy resin 8 is impregnated 
between the wires thereof. Further, the linear 
expansion coefficients referred to throughout the 
present specification are determined according to a 
test method conforming to ASTM D696. 
[ 0048 ] 

The secondary coil 3 is constituted by winding an 
enamel wire having a diameter of about 0.03mm~ 0.1mm 
in about 5000- 35000 turns in total in a divided 



manner. On the other hand, the primary coil 5 is 
constituted by winding an enamel wire having a 
diameter of about 0.3mm- 1.0mm in about 100- 300 turns 
in total in a plurality of layers (herein two layers) 
while each layer containing a few ten turns. An outer 
cover structure of the primary coil 5 will be 
explained later. 
[ 0049 ] 

The primary coil bobbin 4 is constituted by a PBT 
containing rubber. The reason why PBT is used is to 
keep the linear expansion coefficient thereof to be 
equivalent to that of the epoxy resin 8 or in a range 
of ±10% thereof as well as to increase the adherence 
property thereof with the epoxy resin 8 by means of 
the rubber contention. Specifically, the composition 
thereof is, for example, 55 weight % of PBT, 5 weight 
% of rubber, 2 0 weight % of glass fiber and 20 weight 
% of plate shaped elastomer. 
[ 0050 ] 

As schematically illustrated in Fig. 9, in 
addition to a cover coating 5A of an insulating body 
(for example, esterimide, amideimide and urethane) 
having a thickness of lOyrn- 20 M m provided around a 
copper wire (diameter of SOOym- 800 M m) for the primary 
coil 5, another cover coating (an overcoating) 5B is 
further provided at the outside of the cover coating 
5A which facilitates peeling off of the primary coil 5 
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from the insulation use resin (epoxy resin) 8 filled 
around the primary coil 5. The overcoating 5B is 
constituted by adding a few % of such as nylon, 
polyethylene and teflon which improves a slipping 
5 property into a material same as that constituting the 
insulating body 5A, and the thickness of the cover 
film is l^m- 5ym. 
[ 0051 ] 

The reasons why positively applying on the 
10 primary coil 5 the overcoating 5B , having a poor 
adhesiveness with the epoxy resin 8 as indicated above 
is to reduce the stress component ol caused inside the 
secondary coil bobbin 2 due to the thermal contraction 
difference (linear expansion coefficient difference) 
15 between the primary coil 5 and the secondary coil 
bobbin 2 among the entire stress o caused inside the 
secondary coil bobbin 2 (to satisfy the above 
condition (1)). 
[ 0052 ] 

20 Namely, because of the existence of the above 

overcoating 5B, a peeling off portion (gap) 50 is 
generated between the primary coil 5 and the epoxy 
resin 8 existing around the primary coil 5 as shown in 
Fig. 4, in that, the peeling off portions 50 co-exist 

2 5 with the epoxy resin 8 such as between the epoxy resin 
8 filled between the primary coil bobbin 4 and the 
primary coil 5 and the primary coil 5, and between 
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layers of the primary coil 5. Further, Fig. 4 is a 
cross sectional view enlarging portion C in Fig. 2 and 
which is prepared based on a microscopic tomogram 
(magnification of 30- 4 0 times) taken from the portion 
corresponding to portion C. 
[ 0053 ] 

As has been explained above, through inter- 
position of the gaps (peeling off portions) 50 such as 
between the primary coil bobbin 4 and the primary coil 
5 and between the layers of the primary coil 5, the 
transmission passage of a tension force (the tension 
force due to the thermal expansion difference between 
the primary coil and the secondary coil bobbin) in the 
circumferential direction acting on the secondary coil 
bobbin 2 from the primary coil 5 can be interrupted. 
Accordingly, through the reduction of the stress 
component ol caused by the existence of the primary 
coil among the entire stress o caused in the secondary 
coil bobbin, it is possible to reduce (relax) more 
than 20% of the entire stress a. Further, through the 
inclusion of the inorganic filler of more than 20 
weight % as has been mentioned above, the material 
quality of the secondary coil bobbin, in that linear 
expansion coefficient, of the denaturated PPE is 
i improved and the internal stress (thermal stress) can 
be reduced, therefore, according to CAF analysis 
examples, performed by the present inventors the 



39 



induced stress a in the secondary coil bobbin in the 
circumferential direction (the orthogonal direction 
with respect to the resin flowing direction during the 
bobbin molding, hereinbelow sometimes being referred 
5 to as 6 direction) can be greatly reduced through the 
multiple effects with the stress relaxing action by 
the gaps 50 as indicated above. 
[ 0054 ] 

Fig. 12 shows a relationship between linear 
0 expansion coefficient of the secondary coil bobbin 
according to the present embodiment in the orthogonal 
direction with respect to the resin flowing direction 
(the bobbin axial direction) and induced stress (in 6 
direction) in the bobbin is shown. 

5 [ 0055 ] 

The induced stress (thermal stress) in the 
secondary coil bobbin as shown in Fig. 12, in that the 
internal stress induced at temperature -40°C in 6 
direction while assuming that the induced stress at 
2 0 the temperature 130°C when the epoxy resin is hardened 
is zero, is determined in the following manner, in 
that by making use of a CAF analysis software, by 
preparing a three dimensional model of an ignition 
coil and by inputting material property values (linear 

25 expansion coefficient, Young ' s modulus and Poisson's 
ratio of the respective. Further, as an approximate 



value of the linear expansion coefficient in such 
material property values at the temperature -40°C, an 
average value 35 - 75 x l(r 6 mm /°C of the secondary coil 
bobbin material at temperatures of -30°C~ -10°C is 
5 used. 

[ 0056 ] 

In Fig. 12, the solid line A corresponds to the 
present embodiment (in which the peeling off portions 
50 are provided around the primary coil) and is 

10 determined in view of the secondary coil bobbin 
material exemplified in Fig, 13 (20 weight % of glass 
filler base as of Fig. 12 and including 0 weight %, 20 
weight % or 30 weight % of mica) and by using the 
average linear expansion coefficient 35 - 75 x 10" 6 mm /°C at 

15 a temperature range of -30°C~ -10°C as an approximate 
value of the inner expansion coefficient of the 
secondary coil bobbin. More specifically, the CAF 
analysis was performed by making use of the five 
approximated linear expansion coefficients in 6 direct 

2 0 ion of the secondary coil bobbin at temperature -40°C, 
in that about 40x l0' 6 mm /°C (strictly, 39.6x 10' 6 mm /°C ) , 
about 50xl0- 6 mm/°C (strictly, 49.3 x l0- 6 mm/°C ) and about 
70xl0- 6 mm/°C (strictly 66.8 x 10- 6 mm /°C) , and as 
tolerances 35 x 10" 6 mm /°C and 75 x 10" 6 mm /°C . 

25 [ 0057 ] 

As the result of the analysis, it is determined 
that the averaged linear expansion coefficient of the 



secondary coil bobbin at a temperature approximating 
of -40°C (-30°C~ -10°C) is assumed as 35 ~ 75 x lO^mm /°C 
(the lowest value 35xl0- 6 mm/°C in the averaged value 
is based on the limitation of composition amount of 
5 the inorganic filler which permits molding of the 
secondary coil bobbin), the induced stress in the 
secondary coil bobbin can be reduced less than 7 0 MPa 
(which is an allowable upper limit of the internal 
stress (thermal stress) in the secondary coil bobbin 
10 and is determined as a target value by the present 
inventors ) . 

[ 0058 ] 

The target value less than 70 MPa of the induced 
stress is based on the CAF analysis performed by the 
15 present inventors, and the ground of such numerical 
value is for passing a heat cycle test (a test of 
repeating temperature variation of 130°C~ -40°C at 300 
times) which sufficiently satisfies the durability of 
this sort of ignition coil for an internal combustion 
2 0 engine as shown in Fig. 14. Fig. 14 is a 

characteristic test diagram of the induced stress in 
the secondary coil bobbin 2 and number of heat cycles, 
the abscissa represents the number of heat cycles and 
the ordinate represents the induced stress, and the 
25 induced stress below 70 MPa shows that no crackings 
are caused in the secondary coil bobbin even when 
being subjected to the heat cycles more than 300 



times . 

[ 0059 ] 

Further, the solid line B in Fig. 12 is a 
comparative example showing an analysis result of the 
induced stress in a secondary coil bobbin for an 
ignition coil in which no peeling off portions 50 as 
referred to above are provided around the primary coil 
when the linear expansion coefficient thereof in 6 
direction is set likely as that shown in the solid 
i line A, in this instance all of the induced stresses 
of the secondary coil bobbins in the circumferential 
direction showed more than 80 MPa. 
[ 0060 ] 

Further, it was confirmed through experimental 
5 results performed by the present inventors that even 
if the above mentioned peeling off portion 50 is 
provided between the primary coil bobbin 4 and the 
primary coil 5 and between the layers of the primary 
coil 5, no electric field concentration between the 

0 primary coil 5 is caused because of a low potential 
(substantially at the ground potential) of the primary 
coil 5, in addition if the secondary coil 3, the 
insulation use resin 8 and the primary coil bobbin 4 
are closely bonded without gaps, the insulation 

5 between the primary coil and the secondary coil can be 
sufficiently ensured, moreover, a possible electric 
field concentration due to the line voltage of the 



secondary coil is prevented, thereby a possible 
generation of insulation breakdown can be prevented. 
[ 0061 ] 

in particular, according to the present 
embodiment, since the PBT containing rubber is used 
for the primary coil bobbin, the adherence property 
thereof with the epoxy resin is increased, thereby, at 
the inner diameter side of the primary coil bobbin 4 a 
possible peeling off thereof from the epoxy resin 8 is 
surely prevented and a desirable insulation property 
is realized while maintaining an adherence property 
between the secondary coil, the epoxy resin 8 and the 
primary coil bobbin 4 . 
[ 0062 ] 

Further, for the primary coil bobbin 4 a thermo- 
plastic resin such as PPS (polyphenylene sulfide) and 
denaturated PPE can be used. 

[ 0063 ] 

For the coil casing 6 a thermoplastic resin such 
as PBT, PPS and denaturated PPE is used. At the 
outside surface of the coil casing 6 the side core 7 
is mounted. The side core 7 constitutes a magnetic 
flux passage together with the center core 1, and is 
formed by deforming a thin silicon steel sheet or 
directional silicon steel sheet having a thickness of 
about 0.3mm~ 0.5mm into a tube shape. 
[ 0064 ] 



Reference numeral 2 0 is an ignition circuit unit 
(ignitor) coupled onto the top portion of the coil 
casing 6, inside a unit casing 2 0a an electronic 
circuit (an ignition coil drive circuit 23) for 
5 driving the ignition coil is mounted and a connector 
portion 21 for connecting to an external portion is 
molded integrally together with the unit casing 20a. 
[ 0065 ] 

The ignition coil drive circuit 2 3 according to 
10 the present embodiment is transfer-molded finally, and 
Fig. 7(a) is a front view of the discrete product 
thereof, Fig. 7(b) is an upper view thereof and Fig. 
7(c) is a view showing a state when an ignition coil 
drive circuit use hybrid IC 30a and a element ( 
15 semiconductor chip) 30b are mounted on a base ( 
substrate) 31 with terminals 33 before performing the 
transfer-molding. As illustrated in Figs. 7(a)- 7(c) 
after mounting the hybrid IC 30a and the power element 
30b on the base 31, the transfer-mold 32 is applied. 

20 [ 0066 ] 

Fig. 6 shows a state where the transfer-molded 
ignition coil drive circuit 23 is mounted within the 
unit casing 20a and after connecting the terminals 33 
of the ignition coil drive circuit 2 3 to connector 

25 terminals 22 of the unit casing 20a at the time of 
mounting, the epoxy resin 8 is injected into the unit 
casing 2 0 and hardened. Fig. 1 shows a state where 
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the epoxy resin 8 is filled in the unit casing 2 0a and 
the transfer-molded ignition coil drive circuit 2 3 is 
illustrated in a perspective state. The ignition coil 
drive circuit 2 3 is buried in the epoxy resin 8. 

5 [ 0067 ] 

in the present embodiment, circuit elements other 
than the power transistor in the ignition coil drive 
circuit 2 3 which are not suitable to be incorporated 
into a chip, for example a capacitor (not shown) for 
10 preventing noises is attached at the outside of the 
pencil coil. The noises preventing use capacitor is 
arranged between a power source line and ground both 
of which are not illustrated, and prevents noises 
generated in connection with the conduction control of 
15 the ignition coil. 
[ 0068 ] 

Through use of such transfer-molded ignition coil 
drive circuit 23, the ignition coil drive circuit 23 
can be formed into one chip IC which simplifies the 
2 0 production process, thereby, advantages such as cost 
reduction and input current decrease can be achieved. 
[ 0069 ] 

Reference numeral 11 is a high voltage diode, 
reference numeral 12 is a leaf spring, reference 
25 numeral 13 is a high voltage terminal, reference 
numeral 14 is an ignition plug connection use spring 
and reference numeral 15 is an ignition plug 



connection use rubber boot. The high voltage diode 11 
functions to prevent an earlier firing, when a high 
voltage generated at the secondary coil 3 is supplied 
to the ignition plug via the leaf spring 12, the high 
voltage terminal 13 and the spring 14. 
[ 0070 ] 

The primary functions and advantages of the 
present embodiment are as follows. 
[ 0071 ] 

(1) Even when the independent ignition type 
ignition coil which is fitted into a plug hole and is 
subjected to a severe temperature environment, an 
internal stress a (thermal stress) induced in the 
secondary coil bobbin can be lowered. 

[ 0072 ] 

Therefore, according to the present embodiment, 
the internal stress o induced in the secondary coil 
bobbin is significantly reduced and the prevention of 
a cracking of the secondary coil bobbin (longitudinal 
direction cracking prevention) is surely achieved. In 
experiments, the secondary coil bobbin 2 was observed 
after subjecting the same repeatedly to a temperature 
variation of 130°C- -40°C in 300 times, and it was 
confirmed that no damages are caused in the secondary 
coil bobbin 2 and the soundness thereof is maintained. 
[ 0073 ] 

(2) Further, even if the above gaps 50 are 



provided, the bonding property (adhesiveness) of the 
epoxy resin with the secondary coil bobbin 2 and the 
bonding property of the epoxy resin with the inside of 
the primary coil bobbin are desirable, a highly 
reliable pencil coil can be provided without 
deteriorating the insulation property thereof. 
[ 0074 ] 

Further, in the present embodiment, although the 
gaps 50 are formed between the primary coil 4 and the 
insulation use resin 8 around the primary coil 4, if 
other than the above, air gap portions (peeling off 
portions) 51 are formed between the insulation use 
resin (epoxy resin) 8 filled between the primary coil 
bobbin 4 and the primary coil 5 and the primary coil 
bobbin 5 as illustrated in Fig. 5, the same advantages 
(1) according to the present embodiment can be 
expected. 

[ 0075 ] 

For example, in Fig. 5 embodiment, on one of the 
bobbin surfaces (outside surface of the bobbin) in the 
primary coil bobbin 4 on which the primary coil 5 is 
wound is applied an overcoating (cover film or cover 
coating) 4A which facilitates peeling off of the 
bobbin surface from the epoxy resin 8 contacting the 
bobbin surface, thereby the air gap portions are 
obtained. The material of the overcoating 4A is the 
like material as that of the already explained 
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overcoating 5B. Further, in place of the above 

referred to overcoating a sheet of which adhesiveness 

with epoxy is weak can be adhered on the outside 

surface of the primary coil bobbin. 

5 [ 0076 ] 

Further, both gaps 50 and 51 can be provided. 

[ 0077 ] 

Fig. 15 is a partially omitted cross sectional 
view showing another embodiment of the present 

10 invention, although not illustrated, the stress 
relaxing use gaps (peeling off portions) 50 and 51 
like the above are provided between the primary coil 
bobbin 4 and the primary coil 5 and/or between layers 
of the primary coil 5, and further its constituting 

15 structure is the same as the previous embodiment 
except for the following points. The portions bearing 
the same reference numerals as those of the previous 
embodiment designate the same or common elements as 
those in the previous embodiment. 

20 [ 0078 ] 

Namely, the different points from the previous 
embodiment are that the soft epoxy resin 17 is not 
injected between the center core 1 and the secondary 
coil bobbin 2, instead of that, the center core 1 is 

2 5 in advance covered by an insulation member 60 having 
an elasticity, for example silicon rubber, urethane 
and acrylic resin before being disposed inside the 



secondary coil bobbin 2 and after the covered center 
core 1 is disposed in the secondary coil bobbin 2, a 
hard epoxy resin 8 is filled between the center core 1 
and the secondary coil bobbin 2. 
[ 0079 ] 

According to the present embodiment, in addition 
to the advantages obtained by the first embodiment, 
the following functions and advantages are obtained. 
Through the absorption of the thermal impact between 
the center core 1 and the secondary coil bobbin 2 with 
the elastic member (the center core coating) 60, it is 
contributed to reduce the thermal stress o in the 
secondary coil bobbin 2. Moreover, in comparison with 
the injection and hardening works (injection and 
hardening in vacuum) of the soft epoxy resin in the 
narrow space between the secondary coil bobbin and the 
center core, the center core coating 60 can be 
performed only for the center core separate from the 
other constituting elements. Further, the injection 
and hardening of the usual hard epoxy resin between 
the center core and the secondary coil bobbin after 
inserting the coated center core 1 into the secondary 
coil bobbin can be performed easily because the 
viscosity of the hard epoxy resin is low in comparison 
with the soft epoxy resin, thereby, the work cost 
therefor can be reduced, in addition magnetic 
vibration generated from the center core can be 



effectively absorbed to achieve a noises reduction. 
[ 0080 ] 

[ Advantages of the Invention ] 

According to the present invention, in an 
independent ignition type ignition coil which is 
fitted in a plug hole and is subjected to a severe 
temperature environment, the thermal stress in the 
secondary coil bobbin due to the linear expansion 
coefficient differences between constituting members 
is relaxed, the crackings in the secondary coil bobbin 
is surely prevented, a soundness of an electric 
insulation performance thereof is held and a high 
quality and high reliability of the concerned type of 
ignition coil device is achieved. 

[ Brief Description of the Drawings ] 
[ Fig. 1 ] 

A vertical cross sectional view of an ignition 
coil for an internal combustion engine representing 
one embodiment of the present invention. 
[ Fig. 2 ] 

An enlarged view showing by enlarging and turning 
in lateral direction of portion B in Fig. 1. 
[ Fig. 3 ] 

A lateral cross sectional view taken along a line 
A-A' in Fig. 1 . 
[ Fig. 4 ] 



An enlarged cross sectional view of portion C in 

Fig. 2. 

[ Fig. 5 ] 

An enlarged cross sectional view of portion C 
5 representing another embodiment of the present 
invention. 

[ Fig. 6 ] 

An upper plane view of an ignitor casing in the 
above embodiment . 

10 [ Fig. 7 ] 

(a) is a front view showing a transfer-molded 
ignition coil drive circuit used in the above 
embodiment, (b) is an upper plane view thereof and (c) 
is an upper plane view showing a mounting of the 
15 ignition coil drive circuit before performing the 
transfer-molding . 
[ Fig. 8 ] 

A model diagram showing manners of insulation 
breakdown when crackings are caused in respective 
2 0 parts in the ignition coil. 
[ Fig. 9 ] 

A cross sectional view of the primary coil used 
in the above embodiment. 
[ Fig. 10 ] 

2 5 A model diagram showing a part of the secondary 

coil bobbin used in the above embodiment while 
dividing the same in half and locally cross sectioning 
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thereof . 

[ Fig. 11 ] 

An enlarged view of portion P in Fig. 10. 
[ Fig. 12 ] 

5 A diagram showing a relationship between 

expansion coefficient of the secondary coil bobbin in 
the circumferential direction (the orthogonal 
direction with respect to the resin flowing direction 
during the molding thereof) and induced stress in the 
10 secondary coil bobbin. 
[ Fig. 13 ] 

A diagram showing a relationship between mica 
content in the secondary coil bobbin and linear 
expansion coefficient. 

15 [ Fig. 14 ] 

A diagram showing a relationship between induced 
stress in the secondary coil bobbin and heat cycle 
number. 

[ Fig. 15 ] 

20 A vertical cross sectional view of an ignition 

coil for an internal combustion engine representing 
still another embodiment of the present invention and 
an enlarged cross sectional view of portion E. 

25 [ Description of Reference Symbols ] 

1... center core, 2 ••• secondary coil bobbin, 3--- 
secondary coil, 4- • -primary coil bobbin, 5- • -primary 



coil, 5A- • 'insulation cover film, 5B- slipping 
property improving cover film, 6* •♦coil casing, 8"' 
epoxy resin, 17* ♦•soft epoxy resin, 50, 51 • • -air gap 
portion (peeling off portion). 
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[ Name of the Document ] Document of Abstract 

[ Abstract ] 

[ Tasks ] To reduce a thermal stress in a 
secondary coil bobbin for an independent ignition type 
5 ignition coil which is subjected to a severe 
temperature environment, to prevent crackings of the 
bobbin and to achieve soundness of electric insulation 

property thereof. 

[ Counter Measure ] In an independent ignition 

10 type ignition coil for an internal combustion engine 
which is used being directly coupled to a 
corresponding ignition plug, a center core 1, a 
secondary coil 3 wound around a secondary coil bobbin 
2 and a primary coil 5 wound around a primary coil 

15 bobbin 4 are arranged concentrically in a coil casing 
6 in this order from the inside thereof and such as 
epoxy resin 8 and soft epoxy 17 are filled between 
these constituting members, wherein on the outer 
surface of the primary coil 5 a cover film which 

2 0 promotes peeling off thereof from the epoxy resin 8 is 
formed, and because of existence of these peeling off 
portions between the primary coil 5 and the epoxy 
resin 8 and between the layers of the primary coil 5, 
a stress component induced inside the secondary coil 

2 5 bobbin 2 due to heat contraction difference between 
the primary coil 5 and the secondary coil bobbin 2 
among thermal stress induced inside the secondary coil 
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bobbin 2 is reduced. 

[ Drawings to Be Selected ] Fig. 1 
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